Introduction {#sec1-1}
============

Schizophrenia is a major mental illness affecting about 7/1000 in adult population, majority in the age group of 15-35 years. Antipsychotic drugs have a central role in treating this illness and are associated with a variety of adverse effects, out of which cardiac adverse effects being the most concerned. Cardiac adverse effects are mostly reported with typical (first generation) antipsychotics and for the same reason - thioridazine in June 2005 and Sertindole in 1998 were discontinued and withdrawn.

Sudden unexplained deaths in individuals with mental health problems were first described in 1849 and a link with antipsychotic drugs was postulated.\[[@ref1]\] Cohort studies\[[@ref2][@ref3]\] in schizophrenic patients on antipsychotics treatment has reported a persistent excess of mortality related to cardiovascular diseases. Antipsychotics have been suspected to increase the risk of serious ventricular arrhythmias and sudden death.\[[@ref4]\]

As cardiac arrhythmias are difficult to predict, it is important to understand the susceptibility of heart to develop arrhythmias, which may reflect as specific changes in electrocardiographic parameters. The changes in parameters like heart rate, the PR, QRS, and QT intervals, can be used to evaluate cardio-toxicity.\[[@ref5][@ref6]\] Out of these, QTc interval is considered to be a marker of the arrhythmogenic potential of a drug, specifically linked to an increased risk of ventricular arrhythmia.\[[@ref7]\]

Atypical (second-generation) antipsychotics have replaced traditional/typical (first generation) antipsychotics in clinical practice because of their relatively better safety profile, but cardiac safety of atypical antipsychotics continues to be a concern. Several observational studies suggest that patients treated with atypical antipsychotics have a higher risk than expected rate of electrocardiogram (ECG) changes, like prolongation of the heart rate-corrected QT interval (QTc).\[[@ref8][@ref9]\] Most of the atypical antipsychotics prolong the QTc interval in overdose, but some prolong it even at therapeutic doses. Risperidone (RSP) and olanzapine (OZP) are the most commonly prescribed atypical antipsychotics and studies have shown prolongation of QTc in experimental models.\[[@ref10]\]

The cardiovascular safety of RSP\[[@ref11]\] and OZP\[[@ref12][@ref13]\] has been studied in different countries and different age group but their status regarding Indian population is not known.

Hence, we decided to study the cardiovascular safety of RSP and OZP with respect to their effects on heart rate (HR), ECG parameters and blood pressure (BP).

Materials and Methods {#sec1-2}
=====================

The study protocol was approved by the Institutional Ethics Committee and the study was conducted in accordance with the Declaration of Helsinki.

 {#sec2-1}

### Patient Population {#sec3-1}

Newly diagnosed 64 patients of schizophrenia \[based on Diagnostic and Statistical Manual of Mental Disorders, 4^th^ Edition, (DSM-IV-TR) criteria\] attending psychiatry outpatient department of Mahatma Gandhi Institute of Medical Sciences (MGIMS), Sevagram, of age 18--50 years of either gender who were prescribed either risperidone (RSP group, *n* = 32) olanzapine (OZP group, *n* = 32) and who gave written informed consent were enrolled. Each drug group involved 16 male and 16 female patients.

Patients with cardiovascular co-morbid illness and patients with history (past/present) of medications that affect the ECG parameters, history of substance abuse within a year were excluded from the study. Patients with abnormal cardiac rate and rhythm, QTc interval more than 450 ms in the ECG performed at baseline,\[[@ref14]\] were also excluded.

### Study Design {#sec3-2}

The study was an open label, observational, non-interventional, prospective longitudinal study. During the entire study period of 10 weeks, the patients were assessed 4 times as follows;

Baseline: On the day of consultation at psychiatry OPD when they were prescribed either RSP or OZPFollow-up I: After 2 weeksFollow-up II: After 6 weeksFollow-up III: After 10 weeks

### Vital Signs {#sec3-3}

Physical examination and vital signs (blood pressure and heart rate) of every patient were recorded at each visit. Blood pressure \[Diastolic (DBP) and systolic (SBP)\] were measured in supine position followed by standing position with 15 minutes rest in between. All tests were performed during routine Outpatient Department during the hours i.e. 10 am to 1 pm.

### ECG Recording and Calculations {#sec3-4}

The ECGs were obtained by a standard 12-lead resting ECG procedure in the supine position and the PR, QRS, RR and QT intervals were evaluated at each visit. The QT interval was assessed in long lead II, due to the higher variability of measurements in precordial leads.

### QTc Interval {#sec3-5}

Corrected QT (QTc) interval was calculated using various corrections like:

Fridericia\'s correction: QTc = QT/RR0.33Bazett\'s correction: QTc = QT/RR^0.5^ i.e., QTc = QT/√(R-R)Corrections based on linear regression techniques.

Bazett\'s correction was frequently used in clinical practice\[[@ref14]\] for correction, in our study.

### QTd (QT dispersion) {#sec3-6}

It is the measure of variability of the QT interval duration between different leads of ECG, calculated simply as difference between maximum and minimum values of QT interval irrespective of lead of measurement. It helps to distinguish homogeneous myocardium from myocardium that displays in- homogeneity. Hence, it is proposed as an index of the abnormality of repolarization\[[@ref15]\] i.e. spatial dispersion of the ventricular recovery times.\[[@ref16]\]

### Drug Administration {#sec3-7}

The initial dose of RSP was 2 mg/day and the dose was increased to 4 mg/day at the end of the 2 weeks and then continued with the same dose. Olanzapine was started at 5 mg/day and increased to 10 mg/day at the end of the 2^nd^ week of the treatment, and then continued with the same dose for rest of study duration.

### Data Analysis {#sec3-8}

Statistical analyses were performed using Graphpad- Quickcalcs. Descriptive statistics were calculated and the measure of variability was given as Mean ± standard deviation. The value of each ECG parameter before drug administration was used as its own control.

Paired and unpaired *t*-test was used to assess differences in the variables within the group and between the groups, respectively. For all tests, a value of '*P*' \<0.05 was considered statistically significant.

Results {#sec1-3}
=======

A total of 64 patients (32 in each group) were enrolled in the study and evaluated for ECG parameters and BP changes. There were no significant differences between the groups in terms of age, gender and basal values of heart rate, BP and ECG parameters.

Heart rate was significantly increased in the RSP group at II and III follow up (*P* = 0.018, *P* = 0.011 respectively) \[[Table 1](#T1){ref-type="table"}\], whereas it was not significantly affected in the OZP group. Since heart rate holds an inverse relationship with R-R interval, the R-R interval was found to be significantly decreased at II follow up (*P* = 0.0057) and III follow up (*P* = 0.0037) in RSP group \[[Table 1](#T1){ref-type="table"}\], whereas it was not significantly affected in the OZP group \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of effects of Risperidone on ECG parameters of patients measured during follow up with those at baseline (*n*=32)
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###### 

Comparison of effects of olanzapine on ECG parameters of patients measured during follow up visits with those at baseline (*n*=32)
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The QTc interval was significantly prolonged at II and III follow-up (*P* = 0.025, *P* = 0.015 respectively) in the RSP group \[[Table 1](#T1){ref-type="table"}\].

HR and QTc interval were not significantly affected in OZP group while other ECG parameters did not demonstrate a significant difference in the OZP group, throughout the study \[[Table 2](#T2){ref-type="table"}\].

SBP (supine and standing position) did not significantly differ in the RSP as well as in OZP group when compared with the basal values \[[Table 3](#T3){ref-type="table"}\].

###### 

Effects of risperidone and olanzapine on systolic blood pressure of patients measured in supine and standing position during follow up visits compared with baseline values (*n*=32)
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DBP in standing position in the OZP group was significantly decreased at II^nd^ follow up (*P* = 0.045) and III^rd^ follow-up (*P* = 0.024) compared with the basal values \[[Table 4](#T4){ref-type="table"}\] whereas DBP in supine position was not significantly affected.

###### 

Effect of risperidone and olanzapine on diastolic blood pressure measured in supine and standing position during follow up visits compared with baseline values (*n*=32)

![](IJPharm-46-493-g004)

While in the RSP group, DBP both in supine and in standing position did not show a significant change compared with the basal values for the same.

When the two groups were compared, no significant differences were found in terms of changes in heart rate, PR, QRS, QT, RR, QT, QTd and SBP (supine and standing position); and DBP (supine position).

However, DBP in standing position showed a significant decrease in the olanzapine group at II and III follow-up (*P* = 0.036 and *P* = 0.016, respectively) compared with the RSP group \[[Table 5](#T5){ref-type="table"}\].

###### 

Comparison of effects of risperidone on diastolic blood pressure of patients in standing position during the follow-up visits with olanzapine (*n*=32)
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Discussion {#sec1-4}
==========

The RSP and OZP are the most commonly prescribed atypical antipsychotic drugs because of their relatively better safe profile like less extra pyramidal symptoms.

The main finding of this study is that RSP has a more impact on heart rate and ECG parameters, whereas OZP significantly affects DBP in standing position.

The accelerated heart rate in RSP group at II and III follow-ups in this study may have been related to the dose increase in RSP after I follow-up. Although the accelerated HR is within the normal range of heart rate (60-100), much higher values of HR might be observed at higher doses of RSP, whereas significant changes in heart rate with OZP was not observed. Both these agents act through blocking dopamine, serotonin, muscarinic, α, adrenergic, and histamine receptors with different affinity for these receptors \[[Table 6](#T6){ref-type="table"}\].\[[@ref17]\]

###### 

Difference in binding affinities of risperidone and olanzapine to different receptors\[[@ref17]\]

![](IJPharm-46-493-g006)

Accelerated heart rate in RSP group can be attributed to the sympathomimetic activity of RSP. Because the affinity of RSP for muscarinic receptor (blocking) is very high as compared with OZP.\[[@ref17]\]

None of the patients in the study population had tachycardia (\>110 bpm).

QTc was prolonged significantly in RSP group while change in QTc was not significant in OZP group.

Research suggests that RSP acts similar to class III antiarrhythmics, causing concentration-dependent blockage of the rapid component of the delayed rectifier K + current (I~kr~) and possibly explaining the QTc prolongation in patients.\[[@ref18]\]

The QTc interval is considered a marker of the arrhythmogenic potential of a drug, specifically linked to an increased risk of ventricular tachycardia.\[[@ref7]\] For men, QTc values over 0.45 sec and for women, values over 0.47 sec are considered to be prolonged.\[[@ref11]\] A QTc interval value over 0.50 sec is associated with an increased risk for torsades de pointes that may be fatal in some cases\[[@ref8]\] and a QTc interval greater than 0.50 sec has been suggested as a clinically significant cut-off.\[[@ref19]\] Hence, the prolongation of QTc in this study might not be considered clinically significant based on the ranges observed i.e. (0.38-0.40 sec).

Olanzapine has not shown any significant QTc prolongation in this study, which is in line with a previous study.\[[@ref13]\]

In the present study, none of the treatments affected SBP, but DBP (standing) was significantly decreased at II and III follow-up in OZP group. This may have been related to the dose increase in OZP after I follow-up. This might be attributed to high α~1and2~ adrenergic and 5 HT~1A\ and\ 2A~ blocking action\[[@ref16]\] leading to inhibition of vasoconstriction normally \[[Table 6](#T6){ref-type="table"}\] initiated by the baroreceptor reflex upon postural change and the subsequent drop in pressure.\[[@ref20]\] Lower values of DBP (standing) could have been observed at higher doses of OZP.

Studies performed in different countries and in different age groups of patients treated with RSP\[[@ref11]\] or OZP\[[@ref12][@ref13]\] have not clinically revealed significant changes in cardiovascular parameters and blood pressure, which is similar to our study.

 {#sec2-2}

### Limitations {#sec3-9}

The small sample size is a major limitation of the study. One cannot exclude the influence of other factors, like subjective stress caused by the experimental setting, which could have influenced the measurements. The doses of drugs administered in this study may also be considered low.

In the present study, the measured QT intervals were corrected by Bazett\'s formula; however, guidelines\[[@ref14]\] state that "Bazett\'s correction overcorrects at elevated heart rates and under corrects at heart rates below 60 bpm and hence is not an ideal correction formula". However, in our study, we could not find heart rates in elevated or lower range and hence, Bazett\'s correction would be considered ideal for our study readings.

Lastly, the values altered in both the group were within normal reference ranges; hence were considered clinically non-significant.

### Impact of the Study {#sec3-10}

While considering those patients with baseline cardiovascular co-morbidities, these drugs could have affected those parameters more significantly and could be fatal, this clinicians showed take care while prescribing these drugs to patients with co-morbid cardiovascular conditions.

### Recommendations {#sec3-11}

Various guidelines are available that suggestg monitoring the health of patients who are prescribed antipsychotics.\[[@ref21]\]

Any past history of syncope, sudden unexpected cardiac death or arrhythmias in family; medication history of drugs that increase QTc or any factor, which cause torsades de pointes\[[@ref22][@ref23]\] should be documented.

A baseline ECG is recommended initiating RSP or OZP.\[[@ref24][@ref25]\] The follow-up ECG should be obtained after a steady state is established to ascertain that the ECG intervals remain in the acceptable range. Additional ECG recording is indicated if there is a change in medication or dose of drug.

Conclusion {#sec1-5}
==========

The risk of tachycardia is more with RSP; however, OZP has potential risk for postural hypotension. RSP and OZP are used widely and cardiovascular adverse effects are unusual but potentially life-threatening consequences of these drugs. It is important that patients and healthcare professionals understand these potentially lethal adverse effects.
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